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Objective To investigate the hemispheric contributions to prosody recognitions and interference effects of 
semantic processing on prosody for strolce patients by using the Korean language. 

Methods Ten right hemisphere damaged patients (RHD), nine left hemisphere damaged patients (LHD), and 
eleven healthy controls (HC) participated. In pure prosody recognition task, four semantically neutral sentences 
were selected and presented in both sad and happy prosodies. In interference task, participants listened to 
emotionally intoned sentences in which the semantic contents were congruent or incongruent with prosody. 
Participants were asked to rate the valence of prosody while ignoring the semantic contents, and thus, reaction 
time and accuracy were estimated. 

Results In pure prosody recognition task, RHD showed low accuracy as compared to HC (p=0.013), and the 
tendency of group response showed that RHD performed worse than HC and LHD with regards to accuracy and 
reaction time. In interference task, analysis of accuracy revealed a significant main effect of groups (p=0.04), and 
the tendency implied that RHD is less accurate as compared to LHD and HC. The RHD took longer reaction times 
than HC in congruent and incongruent items (p<0.001). 

Conclusion Right hemispheric laterality to prosody processing of Korean language in stroke patients was 
observed. Interference effects of semantic contents to prosody processing were not observed, which suggested 
unique characteristics of prosody for Korean language. These results could be referred as preliminary data for 
future researches on Korean languages. 
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INTRODUCTION 

Heilman et al. [1] showed that the right hemisphere 
damaged patients (RHD) without aphasia had more de- 
creased comprehension on emotional speech as com- 
pared to the left hemisphere damaged patients (LHD), 
thus, he described it as "auditory affective agnosia" 

To perform a successful conversation, the transfer of 
emotion is important. Most of speaker's emotional deliv- 
ery is done through tone of speech i.e., prosody (melodic 
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and rhythmic components of speech), and prosody is 
known to be mainly related with acoustic parameters, 
such as pitch, stress, and duration (including pauses and 
prolongations) [2] . The meaning could change when you 
say the same sentence depending on the tone of speech, 
thus prosody makes up non-verbal aspects of language 
that are necessary for recognizing and conveying emo- 
tions during communication. Ross [3] said that right 
hemisphere (RH) is primarily responsible for process- 
ing of affective languages and defined "aprosodia" cor- 
responding to aphasia for all kind of affective prosodic 
deficits after damage on right Broca's homologue. 

It has been revealed that RH is mainly related with pros- 
ody recognitions. Right lateralized response to prosody 
was evidenced from dichotic listening [4], event- related 
brain potentials [5], and imaging modalities [6-8]. 

Despite the established knowledge on role of the RH in 
prosody recognition, there are continuous increments in 
reports that both hemispheres have been advocated to 
be required in prosody recognition [9-11]. RH is mainly 
related with analyzing emotional details from prosody, 
while left hemisphere (LH) takes a role of linguistic and 
integrative processing accompanied by prosody. 

There is a lack of study on prosody with Korean lan- 
guage despite the many researches with prosody in Eng- 
lish and aphasia in Korean. Research on prosody with 
the use of Korean is necessary when considering unique 



characters of the Korean language. 

The aim of this study is to investigate hemispheric 
contributions to prosody recognitions and interference 
effects of semantic processing on prosody for stroke pa- 
tients by using the Korean language. 

MATERIALS AND METHODS 

Subjects 

Total of 19 stroke patients (RHD, n=10; LHD, n=9) and 
11 healthy controls (HC) participated in this study. RHD 
and LHD were recruited from our clinic, whereas HC 
was recruited from the community with informed con- 
sents. The study protocol was reviewed and approved by 
Institutional Review Board. The general characteristics 
of the participants including gender, age, educational 
level, Korean version of Mini-Mental State Examination 
(K-MMSE), and Center for Epidemiological Studies De- 
pression scale (CES-D) are all listed in Table 1. All char- 
acteristics were not significantly different across the three 
groups. 

The diagnosis of stroke was based on neurologic ex- 
aminations and findings of brain computed tomography 
or magnetic resonance imaging studies. An inclusion 
criterion was the right handed hemiplegic patients be- 
ing secondary to first onset unilateral stroke whose first 
language is Korean. Exclusion included: subjects who 



Table 1. Characteristics of participants 





RHD (n=10) 


LHD (n=9) 


HC (n=ll) 


p-value 


Age (yr) 


51.0110.28 


52.418.44 


54.0112.43 


0.747"' 


Gender (male:female) 


10:0 


5:4 


9:2 


0.058"' 


Education (yr) 


13.712.75 


13.413.71 


12.2713.40 


0.549"' 


K-WAB 


95.7512.40 


91.71114.84 


NA 


0.613"' 


Fluency 


18.6910.88 


18.0013.61 


NA 


0.536"' 


Comprehension 


9.6810.30 


9.6010.89 


NA 


0.397"' 


Repeat 


9.8910.21 


8.7012.05 


NA 


0.281"' 


I Naming 


9.6310.38 


9.1311.19 


NA 


0.536"' 


K-MMSE 


28.311.70 


27.312.24 


28.911.04 


0.291"' 


CES-D 


17.0111.55 


12.7819.23 


9.90111.13 


0.201"' 



Values are presented as meanlstandard deviation. 

RHD, right hemisphere damaged patients; LHD, left hemisphere damaged patients; HC, healthy controls; K-WAB, 
Korean version of the Western Aphasia Battery; K-MMSE, Korean version of Mini-Mental State Examination; CES-D, 
Center for Epidemiological Studies Depression scale; NA, not applicable. 
"'Analyzed between RHD and LHD, and HC. "'Analyzed between RHD and LHD. 
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had difficulties with vision or hearing, evidence of mul- 
tifocal or bilateral damages, cerebellum or brainstem le- 
sions, uncontrolled medical problems, any psychiatric or 
neurologic abnormalities before the stroke, K-MMSE<25 
points, and habitual drug abuses that interfered with 
the activities of the brain. Persons who cannot perform 
simple reaction tasks were also excluded. HC were also 
evaluated by the examiners to rule possible histories of 
major neurologic or psychiatric diseases. The nature of 
language impairment for each participant was evaluated 
by experienced language pathologists with the Korean 
version of Western Aphasia Battery assessment. 

ExperimeTital design 

Stimuli consisted of a total of 40 Korean sentences that 
were recorded by a trained female Korean speaker in two 
kinds of prosody: happy and sad. The sentences were 
established throughout unpublished previous studies 
according to the consultation of the psychiatrist, where 
hundreds of healthy Korean volunteers rated emotional 
valences for 100 sentences on 7-point Likert scale. After 
sentences with high standard deviations were excluded 
based on these ratings, sentences with low standard de- 
viations representing semantically positive, negative, and 
neutral valence were selected. 

Participants were asked to judge prosody as either posi- 
tive or negative while ignoring the meaning of semantic 
contents. The auditory stimuli were presented directly 
through headphones in a quiet room. Experimental block 
order was counterbalanced across subjects. Before the 
experiment began, the participants received two practice 
trials. Feedbacks were provided for the correctness and 
speed of the responses during the practice. 

Experiment 1: pure prosody recognition task 
To identify pure prosody recognition, four semantically 
neutral sentences were selected and they are presented 
in sad and happy prosodies from the recording program. 

Experiment 2: interference task 

To carry out interference tasks using semantic contents, 
eight sentences of semantic positive and negative valence 
were selected respectively. All 16 sentences were pre- 
sented with happy and sad prosodies, thus, it yielded two 
kinds of items: incongruent item for which the semantic 
valence and prosody were in conflict (e.g., semantically 
negative sentence pronounced with happy prosody or 



Congruent 

"Father manged to his house flounsh by making his business a success." 

^'■''sad "iJfl tl=^7i P03iioil mm >4qD| i»a dia iif-yma^." 

"A good friend filed for bankrupcy due to association to a pyramid fraud system." 

Incongruent 

^Sad -Oiam^ Mm\ -aSsW 7|#0l7fe S°}* iJ °aDK" 

"Father manged to his house flounsh by malting his business a success." 

Happy "tit} ^'snm mm -yoiai ^js. HIS iI^A^s^Mc^." 

"A good friend fiied for bankrupcy due to association to a pyramid fraud system." 

Fig. 1. Procedure of interference task. 

semantically positive sentence pronounced with a sad 
prosody) and congruent item for which the semantic va- 
lence and the prosody were either both positive or nega- 
tive (Fig. 1). 

Participants answered by pressing one of two keyboard 
buttons as quickly and accurately as possible. Reaction 
time from the ending of each sentence and percentage of 
correct responses were estimated. We expected interfer- 
ence effects to be reflected in longer reaction times and 
lower accuracies for incongruous items as compared to 
congruous item. 

Analysis 

We performed statistical analyses to compare data 
among groups by using the Kruskal-Wallis test. To assess 
group differences, a series of post hoc Mann-Whitney 
U tests were conducted. The p-values less than 0.05 in 
the Kruskal-Wallis test and less than 0.017 in the Mann- 
Whitney U test were considered statistically significant. 
The SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) program 
was used for the statistical analyses. 

RESULTS 

Experiment i: pure prosody recognition task 

Accuracy 

The analysis of accuracy for pure prosody recognition 
revealed a significant main effect of groups (p=0.013). 
Post hoc analysis revealed that RHD (68.8±25.2%, 95% 
confidence interval [CI] 50.7 to 86.7) was significantly less 
accurate as compared to HC (96.5±11.3%, 95% CI 88.9 to 
104.1) (p=0.013) (Fig. 2A). 

Reaction time 

The analysis of the reaction time for pure prosody did 
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Fig. 2. (A) Accuracy with 95% confidence interval (CI) bars and (B) reaction time with 95% CI bars in pure prosody rec- 
ognition task. RHD, right hemisphere damaged patients; LHD, left hemisphere damaged patients; HC, healthy con- 
trols. *p=0.013, significantly different according to Mann-Whitney U test. 
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Fig. 3. Accuracy with 95% confidence interval bars of (A) congruent item and (B) incongruent item in interference 
task. RHD, right hemisphere damaged patients; LHD, left hemisphere damaged patients; HC, healthy controls. 



not reveal any significant main effect between groups (Fig. 
2B). However, it impHes that RHD (1.1±0.4 ms; 95% CI 0.8 
to 1.3) performed worse than HC (0.8±0.2 ms, 95% CI 0.7 
to 0.9) and LHD (0.9 ± 0.4 ms, 95% CI 0.6 to 1.2). 

Experiment 2: interference task 

Accuracy 

The analysis of accuracy for interference task revealed a 
significant main effect of groups (p=0.04) (Fig. 3A). Ten- 
dency of the group response in congruent items implies 
that RHD (83.8±15.4%, 95% CI 75.8 to 94.7) is less ac- 
curate as compared to LHD (89.6±15.3%, 95% CI 77.8 to 
101.4) and HC (91.5±7.0%, 95% CI 86.8 to 96.2). In terms 
of incongruent items, similar tendency was founded 



(RHD: 75.6±24.7%, 95% CI 57.9 to 93.3; LHD: 95.1±12.4%, 
95% CI 85.6 to 104.7; HC: 94.3±6.5%, 95% CI 89.9 to 98.7) 
(Fig. 3B). 

Reaction times 

The analysis of the reaction time for congruent and 
incongruent items revealed a significant main effect 
between groups (congruent item, p=0.006; incongruent 
item, p=0.003). Post hoc analysis revealed that RHD (con- 
gruent items: 1.2±0.3 ms, 95% CI 1.0 to 1.4; incongruent 
items: 1.3±0.7 ms, 95% CI 0.8 to 1.8) took longer reaction 
times than HC (congruent items: 0.7±0.1 ms, 95% CI 0.6 
to 0.8; incongruent items: 0.7±0.1 ms, 95% CI 0.6 to 0.8) 
for congruent and incongruent items (p<0.001) (Fig. 4). 
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Fig. 4. Reaction time with 95% confidence interval bars of congruent items (A) and incongruent items (B) in interfer- 
ence task. RHD, right hemisphere damaged patients; LHD, left hemisphere damaged patients; HC, healthy controls. 
*p<0.001, significantly different according to Mann-Whitney U test. 



DISCUSSION 

The present results showed that right hemisphere takes 
a prominent role in the process of prosody when using 
Korean language. In order to investigate hemispheric 
contributions to pure prosody recognitions, semantically 
neutral sentences were utilized in experiment 1. 

Unlike previous studies using other languages such as 
English and French, the whole process of prosody was 
consistently impaired in RHD only. The RHD showed sig- 
nificant low accuracy as compared to HC with no differ- 
ences of reaction time between groups. However, the ten- 
dency showed that RHD had the lowest value in accuracy 
and reaction time as compared to LHD and HC, meaning 
that RHD had more difficulty in the process of pure pros- 
ody recognitions. It is consistent with "right hemisphere 
hypothesis for prosody" in which right hemisphere takes 
a dominant role for recognizing nonverbal expressions. 

As interference task, experiment 2 was designed to in- 
vestigate the impact of semantic contents on prosodic 
processing. We originally hypothesized that interference 
would be more evident in LHD, since previous studies 
which showed LH is known to be activated when prosody 
and valence of semantic content are in conflict. Bilat- 
eral prefrontal cortex mainly in LH was activated during 
emotional perceptions by semantic contents on positron 
emission tomography scan [8] . Contrasting to our expec- 
tation, the RHD depicted poor performances in interfer- 
ence task. It can be interpreted as RH plays a major role 
regardless of semantic contents. Using functional mag- 



netic resonance imaging, Mitchell et al. [12] also showed 
that right lateral temporal lobe was activated during 
prosody processing whether the presence of semantic 
content was available or not. 

This right lateralized feature of prosody processing 
for this study deduce that participants exert high levels 
of selective attention during the experiments unlike in 
daily lives. In our experiment, participants were asked 
to focus their attention on the prosody by ignoring the 
valence of semantic content. Selective attention is an es- 
sential part of cognitive processing, and it is linked to the 
suppression of cortical activities to other stimuli. Atten- 
tional modulation for different characteristics of identical 
stimuli controls early sensory processing which leads to 
different hemisphere's activation [13]. Right anterior au- 
ditory cortex is more activated in prosody detection when 
comparing to semantic content detections for the identi- 
cal stimuli [6]. This role of RH on selective attention may 
account for impaired prosody detection of RHD. 

Additionally, cultural differences should be considered 
in prosody processing. Japanese showed difficulties for 
ignoring prosody than semantic content which is oppo- 
site to the American. Oriental culture has been known to 
be the "highly contextual culture" which meant that non- 
verbal information including prosody is more important 
when compared to Western culture [14,15]. As the par- 
ticipants were all Koreans, the tendency of concentrat- 
ing on prosody rather than semantic content diminishes 
interference effects, resulting in the impaired prosody 
processing for RHD in this study. 
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Also, more evident features of depression in RHD com- 
pared to LHD and HC, despite the lack of significance, 
as inferred from the results of CES-D, might contribute 
to the impaired perceptions of prosody in RHD. Several 
studies demonstrated impaired recognitions for a broad 
range of emotions expressed by prosody and attenuated 
perceptions of positive emotions in subjects with depres- 
sion [16,17]. 

The present study has following limitations. Gender ra- 
tio between groups was different although not significant 
in this study. However, gender effects on prosody pro- 
cessing tasks were not consistent [18-20]. Most impor- 
tantly, even minor differences in prosody processing be- 
tween genders disappeared when the subject's attention 
was directed towards valence of prosody [21]. The subject 
number was insufficient to generalize our results and to 
find out the relationship with characteristics of partici- 
pants such as brain lesions. Also, the provided auditory 
stimuli only consisted of speech-like stimuli, instead of 
filtered utterances of basic intonation patterns, which 
could cause interferences on pure prosody recognition. 
As the auditory stimuli were presented with prosody 
from the beginning of experiment, the participants could 
ignore the semantic contents which cause interference 
effects. In addition, auditory stimuli were established 
throughout the previous study, which excluded sentences 
of high standard deviations. It meant the sentences were 
relatively easy, but not enough to fully provoke semantic 
processing in participants, especially for LHD. 

This study is important in spite of these limitations, 
because the present study is the first trial showing right 
hemispheric laterality to prosody processing of Korean 
language. Interference effects of semantic contents to 
prosody processing were not observed, which suggested 
unique characteristics for prosody of Korean language. 
These results could be referred as preliminary data for 
future research on Korean languages. 
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